In this study, the crust and upper mantle structure of Anatolia have been investigated by measuring the group velocity dispersion data of discriminated seismic surface waves. In the scope of the study, it has selected the profiles between six stations located in western Anatolia of Bogazici University Kandilli Observatory Earthquake Research Institute, national network of Turkey, and records of an earthquake (having about 10˚ epicentral distance) occurred in the eastern of Anatolia have been used. Firstly, surface wave discrimination filter based on the polarization properties has been applied to three-component records and emphasized to surface waves. Then the group velocities have been calculated by multiple filter technique. A five-layered crustal model having total thickness of 38 -40 km and Pn-wave velocity of 8.00 km/sec in the upper-mantle has been determined through inversion of surface wave group velocity dispersion data in the period range of 10 sec to 60 sec.
Introduction
The differences between polarization properties of surface waves and microseismic noise allow filtering a type of the desired surface waves on three-component records [1] - [8] . Surface wave data have been used to define the earth structure on different propagating paths. The parameters as group arrival times, phase angles and amplitude values of surface waves are used to research elastic properties of the earth. In order to determine parameters as particle motion, phase and group velocity, single-station, two-station, and three-or more station methods can be used. The simplest one is a single-station method [9] [10] . Source effect is large on phase delays. And it also decreases while period increases. Therefore, the source functions are not considered for group velocity solutions for about 10˚ epicenter records on which periods are large enough [11] [12] .
Turkey and the surrounding regions are one of the most active regions in the world and have active and complex tectonics including plate subduction, collision, extension, crustal thickening and high seismicity. A number of large-scale surface and body wave studies in the region provide insight to the overall complexity of the Mediterranean region [13] - [26] , in Alpine-Himalayan with body waves [27] - [31] and in Turkish-Iranian Plateau with surface waves [32] [33] , with body waves [34] [35] . Reference [36] inferred a crustal thickness of 38 km in northern and eastern Anatolia from the dispersion of Love waves. Reference [37] found an uppermost mantle Pn-wave velocity of 8.1 km/sec for western Turkey and 7.9 km/sec for eastern Turkey using travel times and station residuals of P-waves and phase and group velocities of surface waves. Reference [38] found the crust thickness of 40 km and upper mantle shear velocity of 4.2 km/sec throughout all Turkey. Reference [39] obtained Pn-wave velocity of 7.99 km/sec from reciprocal profiles in N-S direction for east Anatolia and Pn-wave velocity of 7.93 km/sec from single side profile in N-S direction for west using single-station travel time method. They also found Pn-wave velocity of 8.00 km/sec for profiles in E-W direction used by station pairs located in west and east Anatolia and the crust thickness of 38 km for Anatolia. The teleseismic P-wave tomography by [31] has a good lateral resolution mainly beneath Anatolia. Previous local surface wave studies have been limited by relatively sparse or non-uniform station coverage. These studies highlight the existence of strong differences in mantle shear velocities in different parts of our study area [22] [25] [40] . A 3-D upper-mantle structure beneath Turkey is investigated by [24] using phase speeds of fundamental-mode Rayleigh waves employing a conventional two-station method with high-density seismic networks in Turkey and the three-dimensional S-wave model was obtained in the depth range of 40 to 180 km using the phase velocity maps in the period range of 25 to 120 s. Maximum S-wave velocity was found in the interval of 4.5 -4.7 km/sec in the depth range of 50 -150 km for Turkey. They also found that the S-wave velocities are generally faster in the west and become slower in the east of Turkey. They suggested that, it will be better to use alternative methods as surface wave group velocity and ambient noise tomography that can be more sensitive to shallow structures to better constrain the crustal structure of Turkey with higher horizontal resolution. Reference [41] proposed a model consisting of a sediment cover of about 2 km thick with a velocity of 3.6 km/sec, an upper crystalline crust down to 13 km with 5.9 km/sec, and a middle crust down to 25 km depth with 6.5 km/sec according to the seismic experiment performed in the east of Marmara. Reference [42] modeled a sedimentary sequence with velocities of 4.0 -5.0 km/sec using 2-D tomographic seismic velocity image in the eastern Marmara region along an N-S trending seismic refraction profile with reversal shots, which traverses the northern strand of the NAFZ.
In this study, the crust and upper mantle structure of Anatolia have been investigated by measuring the group velocity dispersion data of discriminated seismic surface waves. Earthquakes occurred in eastern and western of Anatolia have good locations to construct the profiles across Anatolia. Long-period three-component seismograms of an earthquake (EZM) occurred in eastern Anatolia, recorded at KOERI (Bogazici University Kandilli Observatory and Earthquake Research Institute, Turkey) stations located in western Anatolia of an earthquake (EZM) occurred in eastern Anatolia have been used. To improve the definition of surface waves, discrimination filter based on the polarization properties introduced by [2] has been applied to the three-component records of all stations. Multiple filter technique (MFT) has been used for compute to the group velocities from discriminated surface waves. The crust and upper mantle structure for profiles between event and station have been determined by inversion process using these group velocities.
Methods

Surface Wave Discrimination Filter Based on Polarization Properties
Filtering process is performed in the frequency domain since surface waves are dispersive. The discrete Fourier transforms of vertical, radial and tangential components of the ground motion are computed for a selected window length and moving interval. The amplitude coefficients at each frequency are weighted according to how closely the three-dimensional particle motion pattern at that frequency corresponds to theoretical patterns for Love and Rayleigh waves, while weights or adjustments are not applied to the original phase values. Weighted segments for each window are transformed to the time domain, and filtered signal is obtained as the arithmetic average of values of the overlapping amplitudes [2] .
The components of the ground motion at time interval with length of N∆t (∆t is sampling rate) are derived from kinds of discrete Fourier coefficients using Equations (1) and (2).
where i = Z, R, T represents the vertical, radial and tangential components of the ground motion, respectively.
The apparent horizontal azimuth β(ηf), the angle ψ(ηf) between the major eccentricity of the particle motion ellipse and vertical component and the phase difference α(ηf) between the vertical and radial components of the ground motion are determined as Equations (3)- (5), respectively ( Figure 1 ).
The amplitude coefficient of the each harmonic of the ground motion components can be weighted using function β(ηf), ψ(ηf) and α(ηf) as in Equation (6).
are the weighted vertical, radial and tangential components of the ground motion. The functions β(ηf), ψ(ηf) and α(ηf) vary from 0 to 1. The exponents M, K and N are empirical constants. The angle θ can be selected in situation that must protect a specific horizontal/vertical displacement ratio. 
Multiple Filter Technique (MFT)
MFT can resolve complex transient signals composed of several dominant periods that arrive at the recording station almost simultaneously. The basis of MFT is to determine amplitude changes of the signal as a function of velocity and period (Figure 2 ). Window function and velocity change should have a high resolution. Gauss function is appropriate as a window function. Filtering in frequency domain is preferred since it has higher resolution and saves CPU time. At the end of each multiple filtering, group velocity is computed from the wavelet obtained by the inverse Fourier transform for a corresponding period [43] - [45] .
The "Hedgehog" Non-Linear Inversion Method
In the trial and error Hedgehog method [46] [47] , that represents an optimized Monte Carlo search, the unknown structural Earth model is replaced by set of parameters, therefore the retrieval of the model is reduced to the determination of the numerical values of the parameters. Limits and increment amounts of the parameters are determined to construct the theoretical model for the each iteration of inversion. When the differences between observed and theoretical group velocities within the acceptable error limits, the structure model obtained from theoretical group velocities is taken as a searching structure. Therefore the problem is reduced to find the zone of minimum of a multidimensional function in the space of the unknown parameters of the cross-section and it is independent from the starting solution. In the elastic approximation, the unknown earth model is divided into a stack of homogeneous isotropic layers. Each layer is defined by a number of physical functions: S-wave velocity and thickness of the layers (independent parameters), P-wave velocity (dependent parameter, Poissonian relation between V P and V S ) and density (fixed parameter). The range of variability of the independent parameters is fixed according to the available geophysical information (the seismic refraction and reflection profiles that cross the studied region as well as other geophysical information available from literature are used to fix the thickness and the P-wave velocities in the uppermost crustal layers) and the parameterization is controlled by the resolving power of the data [48] . In general solids are assumed to be Poissonian and the density is estimated using the Nafe-Drake relation [49] .
Application of Methods
Earthquakes occurred in east and west Anatolia has good locations to construct the profiles that cover the Turkey. Locations of profiles between event and stations are shown on tectonic map of Anatolia [50] in Figure 3 . The amplitude spectrums of the each component have been weighted by using Equation (6) , but the phase angles are untouched. In these equations, M, K, N constants and the angle θ corresponding to horizontal/vertical displacement ratio have been valued as 8, 8, 4 and 0.8, respectively [2] . After, it is returned the time domain with original phase value and scaled amplitude values. The same process is reiterated for the other windowing [52] . According to calculations, the ratio between the window length and moving interval increases depending on the epicentral distance and this ratio has been determined in the interval of 3.95 -4.80 for present study. Since Love wave particle motion is perpendicular to propagation direction on the horizontal plane, the tangential component is taken as real amplitude. Love waves (traces at T-components) at records applied polarization filter have been obtained perfectly because the amplitudes on the T-component are larger than the amplitudes on the Z-and R-components in all records. In this case, total effect of weighting factors has been strengthened to Love waves at some periods arrived at the station. Original and discriminated Love wave records are shown in Figure 4 .
After instrumental responses were eliminated from traces by deconvolution, group velocities of discriminated Love waves have computed by MFT (Figure 2) . Then the crust and upper-mantle structure for each profile between stations and event has been determined with inversion based on Hedgehog method. Theoretical and observed group velocities dispersion curves for all profiles are given in Figure 5 . Maximum difference between theoretical and observed group velocities for each period is 0.05 km/sec. The crust and upper-mantle structure in Anatolia has been determined by inversion of Love wave group velocity dispersion curves (Figure 6 ). Density value of each layer is identical for all profiles passed similar continental paths (Figure 3) . S-velocity values exhibit small changes among the profiles ( Table 3 ).
Discussion and Conclusions
In this study, for an earthquake (EZM) occurred in eastern Anatolia, crust and upper mantle structure of Anatolia have been investigated by the inversion of discriminated Love waves group velocities for six profiles between the stations MLSB, MRMX, YLVX, ISP, ISK, EDRB which are located in western of Anatolia. Firstly, surface
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Time ( wave discrimination filter based on the polarization properties has been applied to three-component records at six stations and emphasized to surface waves. As it can be seen from analysed records, the window length and hence the moving interval must be increased related to the ascending signal length [2] [4] [8] . The ratio between the window length and moving interval is determined in the interval of 3.95 -4.80 from the analysis of the records in the present study. This ratio was given as 16 for far-field (∆ > 40˚) events by [2] . Later, MFT has been applied to Love wave records and the group velocities have been calculated. The structure model is taken from the average model for the whole previous database [24] [54] . According to the values of the group and phase velocities for Rayleigh waves with respect to structural parameters, the dispersion data in the period ranges of 5 sec to 150 sec for group velocity and from 15 sec to 150 sec for phase velocity can be used to obtain reliable velocity structure in the depth range of 3 -13 km to about 350 km [55] . In this study, the reliable velocity structure in the depth of 4 -160 km has been obtained from the Love wave group velocity dispersion data in the period ranges of 10 sec to 60 sec. In present study, the P-wave velocities of 4.55 -4.58 km/sec in the sediment layer of 4 km thick have been found for all profiles. The granite basement below has 5.5 -5.97 km/sec velocity at a depth of about 4 km for six profiles. As a basement of upper crust, the granitic layer with a seismic velocity 6.0 -6.35 km/sec at depth of about 11 km might be evaluated as an upper level of lower-crust, which is more massive. Below the base of the upper crust, there is a layer with seismic velocities between 6.30 km/sec and 6.50 km/sec with a variable velocity gradient for all profiles and it lies at the base of the upper crust at a depth of about 29 km. Moho depth has been found as about 38 -40 km for all profiles and the S-wave velocities in the upper mantle vary between 4.60 km/sec and 4.82 km/sec in the depth range of about 40 -150 km. It has also been found that the mantle S-wave velocities are generally faster in the south and become slower in the north of Turkey.
The current method used in this study is based on the classical single-station method, but now we are able to combine single-and two-station measurements as well as the ambient noise and/or group speed analysis will allow us to better constrain both the crust and uppermost mantle structures. Such an approach will require much more profiles as well as a large number of surface wave measurements. With the increasing number of earthquake data from the current seismic networks in Turkey, we will be able to gather much larger numbers of reliable surface wave measurements including whole Turkey and the higher resolution images of the crust and upper mantle including anisotropic properties would be able to be obtained in the near future.
